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(57) ABSTRACT

A light-emitting diode (LED) package and a display device
having the same are disclosed. In one aspect, the display
device includes a display panel and a backlight assembly
including a light-emitting diode (LED) package configured
to output light via an opening and a light guide plate
configured to guide the emitted light to the display panel.
The LED package includes a housing having a light reflect-
ing property and including a bottom portion, a sidewall
portion connected to the bottom portion, and a cover portion
connected to the sidewall portion, wherein the opening is
defined in the sidewall portion and faces the light guide
plate. The LED package also includes a plurality of LEDs
accommodated in the housing, and wherein the LEDs are
arranged in a first direction extending from the light guide
plate to the opening.

39 Claims, 13 Drawing Sheets
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FIG. 5
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LIGHT-EMITTING DIODE (LED) PACKAGE
INCLUDING MULTIPLE LEDS PER
HOUSING AND DISPLAY DEVICE HAVING
THE SAME AS LIGHT SOURCE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This U.S. non-provisional patent application claims pri-
ority under 35 U.S.C. §119 of Korean Patent Application
No. 10-2013-0149218, filed on Dec. 3, 2013, the contents of
which are hereby incorporated by reference.

BACKGROUND

1. Field

The described technology generally relates to a light-
emitting diode (LED) package and a display device having
the LED package as its light source.

2. Description of the Related Technology

Display devices such as liquid crystal displays (LCDs)
include a backlight assembly and display images using light
provided from the backlight assembly. Light-emitting diode
(LED) packages are widely used as the light source of these
backlight assemblies. LED packages have advantages over
other light sources, such as low driving voltage, high lumi-
nance, etc. Accordingly, LED packages are widely used as
light sources in various applications, e.g., in a display
device, a normal lighting fixture, etc.

SUMMARY OF CERTAIN INVENTIVE
ASPECTS

One inventive aspect is an LED package having improved
color purity and increased light-emitting amount.

Another aspect is a display device having the LED
package as its light source.

Another aspect is an LED package including a housing
and a plurality of LEDs. The housing has a light reflection
property. The LEDs are accommodated in the housing. The
housing includes a bottom portion, a sidewall portion con-
nected to the bottom portion, and a cover portion connected
to the sidewall portion to cover the bottom portion

A light exit part through which the light exits is defined in
the sidewall portion and the LEDs are arranged in a direction
from the light exit part to the sidewall portion facing the
light exit part.

Another aspect is a display device including a display
panel and a backlight assembly. The backlight assembly
includes an LED package to emit a light and a light guide
plate to guide the light to the display panel.

The LED package includes a housing and a plurality of
LEDs. The housing has a light reflecting property and
includes a bottom portion, a sidewall portion connected to
the bottom portion, and a cover portion connected to the
sidewall portion to cover the bottom portion. The LEDs are
accommodated in the housing.

A light exit part through which the light exits is defined in
the sidewall portion facing the light guide plate and the
LEDs are arranged in a direction from the light exit part to
the sidewall portion facing the light exit part.

Another aspect is a display device including a display
panel and a backlight assembly including a light-emitting
diode (LED) package configured to output light via an
opening and a light guide plate configured to guide the
emitted light to the display panel, wherein the LED package
includes a housing having a light reflecting property and
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including a bottom portion, a sidewall portion connected to
the bottom portion, and a cover portion connected to the
sidewall portion, wherein the opening is defined in the
sidewall portion and faces the light guide plate and a
plurality of LEDs accommodated in the housing, and
wherein the LEDs are arranged in a first direction extending
from the light guide plate to the opening.

The housing is formed at least partially of a light reflect-
ing material. The LED package further comprises a plurality
of light scattering portions protruding from inner surfaces of
the housing. The LED package further includes a plurality of
lead frames placed on the bottom portion and electrically
connected to the LEDs and an insulating layer formed inside
the housing to cover at least one of the LEDs, wherein the
insulating layer is formed at least partially of an insulating
material and a fluorescent material. The insulating layer
includes a plurality of insulating layers and the insulating
layers are arranged in the first direction. The insulating
layers include a first insulating layer covering a first LED
and a second insulating layer covering a second LED,
wherein at least one of the first or second insulating layer is
formed at least partially of the insulating material and the
fluorescent material.

The first insulating layer is formed at least partially of a
first fluorescent material and the second insulating layer is
formed at least partially of a second fluorescent material
different from the first fluorescent material. The LED pack-
age further includes a plurality of light scattering portions
formed at an interface between the first and second insulat-
ing layers and the light scattering portions protrude from a
surface of at least one of the first and second insulating
layers. The sidewall portion includes a first sidewall extend-
ing in the first direction, a second sidewall opposing the first
sidewall, and a third sidewall connecting the first and second
sidewalls, wherein the opening opposes the third sidewall.
The bottom portion has a substantially rectangular shape
having a pair of long sides and a pair of short sides, the first
and second sidewalls are connected to the long sides of the
bottom portion, and the third sidewall is connected to one of
the short sides of the bottom portion.

Each of the first and second sidewalls has a height that
increases in a direction extending away from the third
sidewall. The cover portion is inclined toward the third
sidewall. The cover portion is non-linear. The cover portion
is curved away from the bottom portion. The cover portion
is curved toward the bottom portion. An inner surface of at
least one of the first to third sidewalls is inclined with respect
to side surfaces of the LEDs. The third sidewall includes a
plurality of inner surfaces, wherein each of the inner sur-
faces is inclined with respect to side surfaces of the LEDs,
and wherein each of the inner surfaces has a different size.

An inner surface of the third sidewall extends in a second
direction crossing the first direction and each side surface of
the LEDs is inclined with respect to the second direction.
The backlight assembly further includes a printed circuit
board extending along at least one side of the light guide
plate, wherein the LED package is placed on the printed
circuit board, and wherein the opening opposes the at least
one side of the light guide plate. Each of the LED packages
are configured to combine the different colors of light
emitted from the LEDs to output white light.

Another aspect is an LED package including a housing
having a light reflection property and a plurality of LEDs
accommodated in the housing, wherein the housing includes
a bottom portion, a sidewall portion connected to the bottom
portion, and a cover portion connected to the sidewall
portion, wherein an opening is defined in the sidewall
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portion and faces the light guide plate, wherein the LEDs are
configured to output light through the opening, and wherein
the LEDs are arranged in a first direction from the opening
to the sidewall portion opposing the opening.

The housing is formed at least partially of a light reflect-
ing material. The LED package further includes a plurality
of light scattering portions protruding from inner surfaces of
the housing. The LED package further includes a plurality of
lead frames placed on the bottom portion and electrically
connected to the LEDs and an insulating layer formed inside
the housing to cover at least one of the LEDs, wherein the
insulating layer is formed at least partially of an insulating
material and a fluorescent material. The sidewall portion
includes a first sidewall extending in the first direction, a
second sidewall opposing the first sidewall, and a third
sidewall connecting the first and second sidewalls, wherein
the opening opposes the third sidewall.

Each of the first and second sidewalls has a height that
increases in a direction extending away from the third
sidewall. The cover portion is inclined toward the third
sidewall. The cover portion has a curved shape. The light
output through the opening is white.

Another aspect is a display device including a display
panel and a plurality of light-emitting diode (LED) packages
configured to output light to the display panel via an
opening, wherein each of the LED packages includes a
housing, wherein the opening is defined in one side of the
housing, a plurality of LEDs accommodated in the housing,
wherein the LED package is configured to combine the
different colors of light emitted from the LEDs so as to
output white light, and a plurality of insulating layers
respectively formed over the LEDs inside the housing. The
LEDs are arranged in a first direction from the opening to
another side that is defined in the housing to face the
opening.

At least one of the insulating layers is formed of an
insulating material and a fluorescent material. Each of the
LEDs has a substantially cuboidal shape, wherein the hous-
ing includes a plurality of inner surfaces and wherein at least
one of the inner surfaces forms an inclined angle with
respect to one of the surfaces of the LEDs.

According to at least one embodiment, the light paths of
the color lights emitted from the LEDs accommodated in the
housing of the LED package may become random. There-
fore, the color lights are more easily mixed with each other,
so that the color purity of the light emitted from the LED
package may be improved.

In addition, according to at least one embodiment, the
lights emitted from the LED package may be prevented from
being reflected repeatedly in the housing. Thus, the amount
of the lights emitted from the LED package may be
increased.

Further, according to at least one embodiment, the width
of the light exit part corresponds to the short side of the
housing rather than the long side of the housing. Accord-
ingly, although the LEDs are arranged in the housing, the
width of the light exit part is not increased regardless of the
number of the LEDs arranged in the housing. As a result,
when the LED packages are arranged along the side surface
of the light guide plate, the number of the LED packages
may be easily adjusted. Therefore, the amount of the light
incident to the light guide plate may be sufficiently provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is an exploded perspective view showing a
display device according to an exemplary embodiment.
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FIG. 1B is an enlarged view showing the light-emitting
unit and the light guide plate shown in FIG. 1A.

FIG. 2A is an exploded perspective view showing one
LED package among LED packages shown in FIG. 1B.

FIG. 2B is a cross-sectional view taken along line I-I' of
FIG. 2A.

FIG. 2C is a plan view showing the LED package shown
in FIG. 2A.

FIG. 3 is a cross-sectional view showing an LED package
included in a backlight assembly of a display device accord-
ing to another exemplary embodiment.

FIG. 4 is a plan view showing an LED package included
in a backlight assembly of a display device according to
another exemplary embodiment.

FIG. 5 is a plan view showing an LED package included
in a backlight assembly of a display device according to
another exemplary embodiment.

FIG. 6 is a cross-sectional view showing an LED package
included in a backlight assembly of a display device accord-
ing to another exemplary embodiment.

FIG. 7 is a cross-sectional view showing an LED package
included in a backlight assembly of a display device accord-
ing to yet another exemplary embodiment.

FIG. 8 is a cross-sectional view showing an LED package
included in a backlight assembly of a display device accord-
ing to another exemplary embodiment.

FIG. 9 is a cross-sectional view showing an LED package
included in a backlight assembly of a display device accord-
ing to still another exemplary embodiment.

FIG. 10 is a plan view showing an LED package included
in a backlight assembly of a display device according to
another exemplary embodiment.

FIG. 11 is a plan view showing an LED package included
in a backlight assembly of a display device according to
another exemplary embodiment.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

It will be understood that when an element or layer is
referred to as being “on”, “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may also be present. In contrast, when an element
is referred to as being “directly on,” “directly connected to”
or “directly coupled to” another element or layer, there are
no intervening elements or layers present. Like numbers
refer to like elements throughout. As used herein, the term
“and/or” includes any and all combinations of one or more
of the associated listed items.

It will be understood that, although the terms first, second,
etc. may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer or section from
another region, layer or section. Thus, a first element,
component, region, layer or section discussed below could
be termed a second element, component, region, layer or
section without departing from the teachings of the
described technology.

Spatially relative terms, such as “beneath”, “below”,
“lower”, “above”, “upper” and the like, may be used herein
for ease of description to describe one element or feature’s
relationship to another element(s) or feature(s) as illustrated
in the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
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device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above
and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein are to be interpreted accordingly.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the disclosure. As used herein, the singular forms,
“a”, “an” and “the” are intended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “includes” and/or
“including”, when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this disclosure belongs. It will be further understood
that terms, such as those defined in commonly used diction-
aries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant
art and will not be interpreted in an idealized or overly
formal sense unless expressly so defined herein.

Hereinafter, the described technology will be explained in
detail with reference to the accompanying drawings.

FIG. 1A is an exploded perspective view showing a
display device according to an exemplary embodiment. FIG.
1B is an enlarged view showing the light-emitting unit and
the light guide plate shown in FIG. 1A.

Referring to FIGS. 1A and 1B, a display device 600
includes a backlight assembly 500 and a display panel 520.
The backlight assembly 500 provides a light to the display
panel 520 and the display panel 520 receives the light to
display an image.

In the embodiment of FIG. 1, the display panel 520 is a
liquid crystal display panel and the display panel 520
includes a display substrate 521, an opposite substrate 522,
and a liquid crystal layer (not shown) interposed between the
substrates 521 and 522. The display substrate 521 includes
a plurality of pixel electrodes (not shown) respectively
formed in a plurality of pixel areas and the opposite substrate
522 includes a common electrode (not shown) facing the
pixel electrodes.

In the embodiment of FIG. 1, the display panel 520 is a
liquid crystal display panel, however, the described technol-
ogy is not limited thereto or thereby. For instance, the
display panel 520 may be another type of display panel
which receives a light from a backlight assembly to display
an image, e.g., an electrophoretic display panel, an elec-
trowetting display panel, etc.

In addition, the structure of the display panel 520 is not
limited to the above described structure. For instance,
according to another exemplary embodiment, the opposite
substrate 522 does not include the common electrode and the
display substrate 521 includes the common electrode formed
thereon and spaced apart from the pixel electrodes.

The backlight assembly 500 includes a light-emitting unit
100, a receiving member 580, a reflection plate 570, a light
guide plate 550, a mold frame 530, a plurality of sheets 540,
and a cover member 510.
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The light-emitting unit 100 generates light. The light-
emitting unit 100 includes a printed circuit board 30 and a
plurality of light-emitting diode (LED) packages 50. The
LED packages 50 are mounted on the printed circuit board
30 and each of the LED packages 50 emits light ET to the
light guide plate 550 through a light exit part or opening OP.

In the embodiment of FIG. 1, the printed circuit board 30
is placed at one side of the light guide plate 550 and extends
along a side surface SS of the light guide plate 550. In
addition, the light exit part OP of each LED package 50,
through which the light ET is emitted, faces the side surface
SS of' the light guide plate 550 and the LED packages 50 are
placed on the printed circuit board 30 along the side surface
SS of the light guide plate 550. Thus, the emitted light ET
is incident to the light guide plate 550 through the side
surface SS of the light guide plate 550.

The LED packages 50 are arranged along the side surface
SS in the embodiment of FIG. 1, however, the number and
position of the LED packages 50 is not be limited thereto or
thereby. For instance, the backlight assembly 500 may
further include another plurality of LED packages, which are
arranged along another side of the light guide plate 550, in
addition to the LED packages 50. Also, according to another
exemplary embodiment, one LED package is placed at a
corner portion of the light guide plate 550, and in this
embodiment, the one LED package is arranged to face a
chamfered surface of the corner portion of the light guide
plate 550.

The receiving member 580 accommodates the light-emit-
ting unit 100, the reflection plate 570, and the light guide
plate 550. The light guide plate 550 guides the light ET
received from the light-emitting unit 100 to the display panel
520.

The reflection plate 570 includes a material reflecting the
light, such as polyethylene terephthalate (PET) or aluminum
and is placed between a bottom portion of the receiving
member 580 and the light guide plate 550. The mold frame
530 extends along sidewalls of the receiving member 580 to
be connected to the receiving member 580. The mold frame
530 fixes edges of the light guide plate 550 accommodated
in the receiving member 580 to the bottom part and the
sheets 540 and the display panel 520 are sequentially placed
on the mold frame 530.

The sheets 540 are interposed between the display panel
520 and the light guide plate 550. In the FIG. 1 embodiment,
the sheets 540 include a diffusion sheet 543 diffusing the
light, a prism sheet 542 condensing the light to improve a
front brightness of the display panel 520, and a protection
sheet 541 protecting a rear surface of the display panel 520.
The cover member 510 is connected to the receiving mem-
ber 580. The cover member 510 covers edges of the display
panel 520 and exposes a display area of the display panel
520, which is formed inside the edges, to the external
environment.

In the embodiment of FIG. 1, except for the LED pack-
ages 50, the other elements of the backlight assembly 500
should not be limited to the above-mentioned structure. For
instance, according to another exemplary embodiment, the
reflection plate 570 is omitted in the backlight assembly 500
and the bottom portion of the receiving member 580 is
coated with a reflection layer.

Hereinafter, the structure of the LED packages 50 will be
described in detail with reference to FIGS. 2A to 2C.

FIG. 2A is an exploded perspective view showing one
LED package of the LED packages shown in FIG. 1B. FIG.
2B is a cross-sectional view taken along line I-I' of FIG. 2A.
FIG. 2C is a plan view showing the LED package shown in
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FIG. 2A. The structure of the LED package 50 shown in
FIG. 1B will be described in detail as a representative
example.

As shown in FIG. 2, the LED package 50 includes a
housing MD, a first lead frame LF1, a second lead frame
LF2, a third lead frame LF3, a first LED LLD1, a second LED
LD2, first to fourth wires W1 to W4, a first insulating layer
L1, a second insulating layer 1.2, and a fluorescent substance
FS. In some embodiments, each of the LEDs LD1 and LD2
has a substantially cuboidal shape.

The housing MD includes a light reflection material
having an insulating property. For instance, the housing MD
may include a polymer, such as polyethylene, polypropyl-
ene, polycarbonate, etc. Thus, the housing MD reflects the
light emitted from the first and second LEDs LLD1 and L.D2,
which are accommodated therein.

According to another exemplary embodiment, the hous-
ing MD includes a material having an insulating property
and an inner surface of the housing MD is coated with a
reflection layer, e.g., an aluminum layer. In this embodiment,
the housing MD reflects the light emitted from the first and
second LEDs LDI1 and LD2 accommodated therein.

The housing MD includes a bottom portion BP, a sidewall
portion SP, and a cover portion CP. In the FIG. 2 embodi-
ment, the bottom portion BP is a plate with a rectangular
shape and the bottom portion BP includes a first long side
E1, a second long side E2, a first short side E3, and a second
short side E4.

The sidewall portion SP is connected to the bottom
portion BP. In the embodiment of FIG. 2, the sidewall
portion SP includes a first sidewall SW1, a second sidewall
SW2, and a third sidewall SW3. The first and second
sidewalls SW1 and SW2 are formed with a one-to-one
correspondence with the first and second long sides E1 and
E2 and are connected to the bottom portion BP. Also, the
third sidewall SW3 is formed with a one-to-one correspon-
dence with the first short side E3 and is connected to the
bottom portion BP. The third sidewall SW3 also connects the
first and second sidewalls SW1 and SW2.

When a portion of the LED package 50, through which
the light exits, is defined as the light exit part OP as
described above, the light exit part OP is defined by a gap in
the sidewall portion SP. More particularly, the light exit part
OP is defined by the opening in the portion of the sidewall
SP which faces the third sidewall SW3. Thus, the light
emitted from the first and second LEDs LD1 and LD?2 exits
the LED package 50 through the light exit part OP.

The first to third lead frames LF1, LF2, and LF3 are
placed on the bottom portion BP and a portion of the first to
third lead frames LF1, LF2, and LF3 extends to the exterior
of the housing MD. In detail, the first to third lead frames
LF1, LF2, and LF3 are placed on the bottom portion BP
substantially parallel to the first long side E1 and are spaced
apart from each other. One end of the first lead frame LF1
extends to the exterior via one side of the housing MD and
one end of the third lead frame LF3 extends to the exterior
via another side of the housing MD. The one end of the first
lead frame LF1 and the one end of the third lead frame LF3,
which protrude from the housing MD, are electrically con-
nected to power supply terminals (not shown) of the printed
circuit board 30 shown in FIG. 1B.

The first and second LEDs LD1 and LD2 are accommo-
dated in the housing MD and generate different colors of
light from each other. In addition, the first and second LEDs
LD1 and LD2 are arranged in a direction from the light exit
part OP toward a part of the sidewall portion SP facing the
light exit part OP in the housing MD. That is, since the third
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sidewall SW3 of the sidewall portion SP faces the light exit
part OP, the first and second LEDs LD1 and LD2 are
sequentially arranged in the direction toward the third side-
wall SW3 from the light exit part OP.

In the embodiment of FIG. 2, since the direction from the
light exit part OP to the third sidewall SW3 is substantially
in parallel to the first and second long sides E1 and E2, the
width of the light exit part OP corresponds to the length of
the first short side E3 rather than the length of the first long
side E1. Thus, even when the number of the LEDs placed in
the housing MD increases, the width of the light exit part OP
does not increase in proportion to the number of LEDs.
Thus, when the LED packages 50 are arranged along the
side surface SS (refer to FIG. 1B) of the light guide plate 550
(refer to FIG. 1B), the number of the LED packages 50 can
be easily varied without changing the width of the light exit
part OP, thereby securing a sufficient amount of light inci-
dent to the light guide plate 550.

The first to fourth wires W1 to W4 electrically connect the
first and second LEDs LD1 and LD?2 to the first to third lead
frames LF1, LF2, and LF3. In the embodiment of FIG. 2, the
first wire W1 electrically connects a positive terminal of the
first LED LD1 to the first lead frame LF1 and the second
wire W2 electrically connects a negative terminal of the first
LED LDI1 to the second lead frame LF2. In addition, the
third wire W3 electrically connects a positive terminal of the
second LED LD2 to the second lead frame LF2 and the
fourth wire W4 electrically connects a negative terminal of
the second LED LD2 to the third lead frame LF3.

As described above, when the first to second LEDs LD1
and LD2 are electrically connected to the first to third lead
frames LF1, LF2, and LF3 by the first to fourth wires W1 to
W4, the first and second LEDs LE1 and LD2 are electrically
connected to each other in series. Therefore, when the one
end of the first lead frame LF1 and the one end of the third
lead frame LF3, which protrude from the housing MD, are
connected to the power supply terminals of the printed
circuit board in a one-to-one correspondence, the first and
second LEDs LD1 and LD2 emit the light in response to a
voltage applied through the power supply terminals.

Each of the first insulating layer L1 and the second
insulating layer [.2 includes an insulating material having a
light transmitting property, e.g., silicon resin, epoxy resin,
etc. In addition, the first insulating layer L1 is filled in the
housing MD to cover the first LED LD1 and the second
insulating layer [.2 is filled in the housing MD to cover the
second LED LD2.

That is, the first insulating layer L1 covers the first LED
LD1 and the second insulating layer 1.2 covers the second
LED LD2. Thus, the first and second insulating layers .1
and 1.2 are sequentially arranged from the light exit part OP
to the third sidewall SW3.

According to some embodiments, the fluorescent sub-
stance FS is provided in the second insulating layer L.2. In
these embodiments, the fluorescent substance FS absorbs the
light emitted from the second LED LD2, which is covered
by the second insulating layer [.2, and generates light having
a different color from that of the light emitted from the
second LED LD2. As a result, the light generated by the
fluorescent substance FS is mixed with the light emitted
from the first LED LD1 and emitted from the LED package
50 as the emitted light ET. The emitted light ET is emitted
through the light exit part OP.

According to another exemplary embodiment, instead of
the fluorescent substance FS, a quantum dot may be pro-
vided to the second insulating layer L.2. In this embodiment,
similar to the fluorescent substance FS, the quantum dot
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absorbs the light emitted from the second LED LD2 and
generates a light having a different color from that of the
light emitted from the second LED LD2.

In the FIG. 2 embodiment, the emitted light ET is white
light and the first LED LD1 is a green LED emitting green
light, the second LED LD2 is a blue LED emitting blue light,
the blue light is changed to magenta light by the fluorescent
substance FS, and the emitted light ET becomes white light
through a mixture of the green light and the magenta light.

In the embodiment of FIG. 2, the first LED LDI1, the
second LED LD2, and the fluorescent substance FS are
defined as described above, however, the described technol-
ogy is not be limited thereto or thereby. For instance, the first
LED LD1 may be a red LED emitting red light, the second
LED LD2 may be the blue LED emitting blue light, the blue
light is changed to cyan light by the fluorescent substance
FS, and the emitted light ET becomes white light through a
mixture of the red light and the cyan light.

As used below, an increase in amount of the light ET
emitted through the light exit part OP is referred to as a first
effect and an improvement in the color purity of the emitted
light ET is referred to as a second effect. The housing MD
has a structure described below in order to enhance the first
and second effects while the emitted light ET is realized by
mixing light emitted from the first and second LEDs LD1
and LD2 as described above.

As described above, the sidewall portion SP includes the
first, second, and third sidewalls SW1, SW2, and SW3. The
height of each of the first and second sidewalls SW1 and
SW?2 decreases as the distance of each of the first and second
sidewalls SW1 and SW2 from the third sidewall SW3
decreases. Hereinafter, the structure of the first sidewall
SW1 will be described below as a representative example.
When the height of the first sidewall SW1 adjacent to the
light exit part OP is defined as a first height H1 and the
height of the first sidewall SW1 contacting the third sidewall
SW3 is defined as a second height H2, the first height H1 is
greater than the second height H2. In addition, the maximum
height of the first sidewall SW1 is substantially the same as
the first height H1, the minimum height of the first sidewall
SW1 is substantially the same as the second height H2, and
a height H3 of the third sidewall SW3 is substantially the
same as the second height H2.

According to the structure of the first, second, and third
sidewalls SW1, SW2, and SW3, the cover portion CP, which
is connected to an upper portion of each of the first, second,
and third sidewalls SW1, SW2, and SW3, has an inclined
angle with respect to the third sidewall SW3. Thus, when
viewed in a cross-sectional view, the cover portion CP has
the inclined angle with respect to a first upper surface US1
of the first LED LD1 and to a second upper surface US2 of
the second LED LD2.

Therefore, when light traveling in a normal direction from
the first upper surface US1 is defined as a first light LT1, the
first light LT1 is reflected by an inner surface of the cover
portion CP and the reflected first light LT1 travels to the
exterior of the LED package 50 through the light exit part
OP having a first angle al with respect to the normal line.

In contrast to the embodiment of FIG. 2, when the cover
portion CP is parallel to the first upper surface US1 without
being inclined, the first light LT1 is repeatedly reflected
between the inner surface of the cover portion CP and the
first upper surface US1. As a result, the first light LT1 has
difficulty in exiting from the light exit part OP toward the
outside of the LED package 50. However, according to the
embodiment of FIG. 2, the first light LT1 easily exits from
the light exit part OP through the above-described light path
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without being reflected repeatedly between the inner surface
of the cover portion CP and the first upper surface US1,
thereby enhancing the first effect.

Similarly, when light traveling in a normal direction from
the second upper surface US2 is defined as a second light
LT2, the second light T2 is reflected by the inner surface of
the cover portion CP and travels to the exterior of the LED
package 50 through the light exit part OP while having a
second angle a2 with respect to the normal line. Thus, the
second light [T2 easily exits from the light exit part OP
along the light path shown in FIG. 2B without being
reflected repeatedly between the inner surface of the cover
portion CP and the second upper surface US2, thereby
enhancing the first effect.

In addition, in the embodiment of FIG. 2, inner surfaces
of the third sidewall SW3 are inclined with respect to side
surfaces of the first and second LEDs LD1 and LD2. Thus,
as shown in FIG. 2C, a third light LT3, which travels from
the side surface of the first LED LD1 in a normal direction
from the side surface of the first LED LD1, is prevented
from being repeatedly reflected between the first LED LD1
and the third sidewall SW3. Similarly, a fourth light L'T4,
which travels from the side surface of the second LED LD2
in a normal direction from the side surface of the second
LED LD2, is prevented from being repeatedly reflected
between the second LED LD2 and the third sidewall SW3.

As a result, when considering the light paths of the third
and fourth lights ['T3 and L.T4 reflected by the inclined inner
surface of the third sidewall SW3, the third and fourth lights
LT3 and T4 are emitted through the light exit part OP,
thereby enhancing the first effect.

In contrast to the embodiment of FIG. 2, when the light
paths of the colored lights, which are emitted from the LEDs
and have different colors from each other, are not controlled
and the colored lights are directly emitted from the housing,
the optical density in each colored light is concentrated at a
predetermined radiation angle and the colored light may not
be mixed properly, thereby causing deterioration in the color
purity of the emitted light, which is realized by the mixture
of'the colored lights. However, according to the embodiment
of FIG. 2, most of the colored lights emitted from the first
and second LEDs LD1 and LD2 are reflected by the inner
surfaces of the housing MD and travel in a random light path
such that the colored lights may be easily mixed with each
other. Furthermore, since the first and second LEDs LD1 and
LD2 are sequentially arranged from the light exit part OP to
the third sidewall SW3, light paths of most of the lights are
overlapped after being emitted from the first and second
LEDs LD1 and LD2, thereby enhancing the second effect.

FIG. 3 is a cross-sectional view showing an LED package
included in a backlight assembly of a display device accord-
ing to another exemplary embodiment. In FIG. 3, the same
reference numerals denote the same elements in previous
figures, and thus the detailed descriptions of the same
elements will be omitted.

When comparing the present exemplary embodiment
shown in FIG. 3 with the exemplary embodiment shown in
FIG. 2B, the LED package 51 includes a first fluorescent
substance FS1 provided in a first insulating layer L1 and a
second fluorescent substance FS2 provided in a second
insulating layer L2 to emit white light through the light exit
part OP.

In the embodiment of FIG. 3, a first LED LDI1 and a
second LED LD2 emit the same color, for example each of
the first and the second LEDs LD1, LD2 is a blue LED
emitting blue light. In this case, the blue light emitted from
the first LED LD2 is changed to red light by the first
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fluorescent substance FS1, and the blue light emitted from
the second LED L.D1 is changed to cyan light by the second
fluorescent substance FS2. Thus, the red light and the cyan
light are mixed with each other, so that the emitted light ET1
becomes white light.

FIG. 4 is a plan view showing an LED package included
in a backlight assembly of a display device according to
another exemplary embodiment. In FIG. 4, the same refer-
ence numerals denote the same elements in previous figures,
and thus the detailed descriptions of the same elements will
be omitted.

Referring to FIG. 4, an LED package 52 includes a
housing MD', and the housing MD' includes a sidewall
portion SP', a bottom portion BP, and a cover portion (not
shown). Hereinafter, the housing MD' of the present exem-
plary embodiment shown in FIG. 4 will be described in
comparison with the housing MD of the exemplary embodi-
ment shown in FIG. 2C.

Referring to FIG. 2C again, the third sidewall SW3
includes two inner surfaces and each of the two inner
surfaces is inclined with respect to the side surfaces of the
first LED LD1 and the second LED LD2. In addition, the
two inner surfaces are symmetrical with respect to a hori-
zontal line when viewed in a plan view and the two inner
surfaces have the same size.

In the present exemplary embodiment shown in FIG. 4, a
third sidewall SW3' includes a first inner surface S1 and a
second inner surface S2 and each of the first and second
inner surfaces S1 and S2 is inclined with respect to side
surfaces of first and second LEDs LD1 and LD2. In addition,
the first and second inner surfaces S1 and S2 are non-
symmetrical with respect to a horizontal line when viewed
in a plan view and the first inner surface S1 has a size
different from that of the second inner surface S2.

Therefore, light emitted from a side surface SS1 of the
second LED LD2 traveling in a normal direction from the
side surface SS1, does not reach a boundary line LS at which
the first inner surface S1 meets the second inner surface S2.
Thus, the light is prevented from being repeatedly reflected
between the side surface SS1 and the boundary line LS and
the first effect of the described technology is enhanced.

FIG. 5 is a plan view showing an LED package included
in a backlight assembly of a display device according to
another exemplary embodiment. In FIG. 5, the same refer-
ence numerals denote the same elements in previous figures,
and thus the detailed descriptions of the same elements will
be omitted.

Referring to FIG. 5, an LED package 53 includes a
housing MD and the LED package 53 includes a plurality of
light scattering portions PN formed on an inner surface of
the housing MD. In detail, the housing MD includes a cover
portion (not shown), a sidewall portion SP, and a bottom
portion BP, and the light scattering portions PN are formed
at inner surfaces of each of the cover portion, the sidewall
portion SP, and the bottom portion BP. Also, each of the light
scattering portions PN protrudes from the inner surface of
the housing MD toward an inner space of the housing MD.

The light scattering portions PN scatter light emitted from
a first LED LD1 and a second LED LD2. Therefore, the light
paths of the emitted light emitted from the first and second
LEDs LD1 and LD2 becomes more random, and thus the
first effect and the second effect of the described technology
are enhanced.

In the embodiment of FIG. 5, each of the light scattering
portions PN has a hemispherical shape in a cross-sectional
view, however, the shape of the light scattering portions PN
should not be limited to the hemispherical shape. For
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instance, the light scattering portions PN may have a trian-
gular shape or polygonal shape in a cross-sectional view.

FIG. 6 is a cross-sectional view showing an LED package
included in a backlight assembly of a display device accord-
ing to another exemplary embodiment. In FIG. 6, the same
reference numerals denote the same elements in previous
figures, and thus the detailed descriptions of the same
elements will be omitted.

Referring to FIG. 6, an LED package 54 includes a first
insulating layer [.1 and a second insulating layer 1.2' and the
LED package 54 includes a plurality of light scattering
portions PN-1 formed at the interface between the first
insulating layer L1 and the second insulating layer L.2'. In
the embodiment of FIG. 6, each of the light scattering
portions PN-1 protrudes from a surface of the second
insulating layer [.2' toward the first insulating layer L1.

Similar to the light scattering portions PN shown in FIG.
5, the light scattering portions PN-1 scatter light emitted
from a first LED LDI1 and a second LED LD2. Thus, the
light paths of the light emitted from the first and second
LEDs LLD1 and LD2 becomes more random due to the light
scattering portions PN-1, and thus the first and second
effects of the described technology described earlier are
enhanced.

In the embodiment of FIG. 6, each of the light scattering
portions PN-1 has a hemispherical shape when viewed in a
cross-sectional view, however, the shape of the light scat-
tering portions PN-1 is not limited to the hemispherical
shape. For instance, according to another exemplary
embodiment, the light scattering portions PN-1 have a
triangular shape, a polygonal shape, etc., when viewed in a
cross-sectional view. Also, each of the light scattering por-
tions PN-1 can protrude from a surface of the first insulating
layer [L1 toward the second insulating layer [.2'.

FIG. 7 is a cross-sectional view showing an LED package
included in a backlight assembly of a display device accord-
ing to another exemplary embodiment. In FIG. 7, the same
reference numerals denote the same elements in previous
figures, and thus the detailed descriptions of the same
elements will be omitted.

Referring to FIG. 7, an LED package 55 includes a
housing MD-1 and the housing MD-1 includes a cover
portion CP-1 having a curved shape. Thus, an inner surface
of the cover portion CP-1 has a curvature. When the cover
portion CP-1 has the curved shape, an upper surface of each
of first and second LEDs LD1 and LD2 is not parallel to the
inner surface of the cover portion CP-1. Thus, light emitted
from the first and second LEDs LD1 and L.D2 and traveling
in a normal direction with respect to the upper surface is
prevented from being repeatedly reflected between the upper
surface of the first and second LEDs LD1 and LD2 and the
inner surface of the cover portion CP-1.

FIG. 8 is a cross-sectional view showing an LED package
included in a backlight assembly of a display device accord-
ing to another exemplary embodiment. In FIG. 8, the same
reference numerals denote the same elements in previous
figures, and thus the detailed descriptions of the same
elements will be omitted.

Referring to FIG. 8, an LED package 56 includes a
housing MD-2 and the housing MD-2 includes a cover
portion CP-2 having a curved shape.

According to the exemplary embodiment shown in FIG.
7, the cover portion CP-1 (refer to FIG. 7) has a convex arc
shape facing the exterior of the LED package 55 (refer to
FIG. 7), however, the cover portion CP-2 has a convex arc
shape facing the inside of the LED package 56 in the
embodiment shown in FIG. 8.
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Thus, similar to the exemplary embodiment shown in
FIG. 7, an upper surface of each of first and second LEDs
LD1 and LD2 is not parallel to an inner surface of the cover
portion CP-2. Thus, light emitted from the first and second
LEDs LD1 and L.D2 and traveling in a normal direction with
respect to the upper surface of the first and second LEDs
LD1 and D2 is prevented from being repeatedly reflected
between the upper surface of the first and second LEDs L.D1
and LD2 and the inner surface of the cover portion CP-2.

FIG. 9 is a cross-sectional view showing an LED package
included in a backlight assembly of a display device accord-
ing to another exemplary embodiment. In FIG. 9, the same
reference numerals denote the same elements in previous
figures, and thus the detailed descriptions of the same
elements will be omitted.

Referring to FIG. 9, an LED package 57 further includes
a third LED LD3, a fourth lead frame LF4, a fifth wire W5,
a sixth wire W6, and a third insulating layer L.3.

The fourth lead frame LF4 and the fifth wire W5 electri-
cally connect the third LED LD3 to first and second LEDs
LD1 and LD2 in series. In addition, the third, first, and
second LEDs LD3, LD1, and LD2 are sequentially arranged
in a direction from a light exit part OP to a third sidewall
SW3 (refer to FIG. 2C) of a sidewall portion SP and first to
third insulating layers L1, [.2, and L3 are arranged in the
same way as the third, first, and second LEDs LD3, LD1,
and LD2.

In the present exemplary embodiment, the color of light
emitted through the light exit part OP is determined when
the lights, which are emitted from the first to third LEDs
LD1, LD2, and LD3, are mixed. For instance, the first LED
LD1 is a green LED emitting green light, the second LED
LD2 is a blue LED emitting blue light, and the third LED
LD3 is a red LED emitting red light. Thus, when the lights
emitted from the first to third LEDs LD1, LD2, and LD3 are
mixed, white light is emitted through the light exit part OP.

FIG. 10 is a plan view showing an LED package included
in a backlight assembly of a display device according to
another exemplary embodiment. In FIG. 10, the same ref-
erence numerals denote the same elements in previous
figures, and thus the detailed descriptions of the same
elements will be omitted.

Referring to FIG. 10, a housing MD' of an LED package
58 according to the present exemplary embodiment includes
a sidewall portion SP' and the sidewall portion SP' includes
a first sidewall SW1, a second sidewall SW2, and a third
sidewall SW3'. A first LED LD1 and a second LED LD?2 are
arranged in a direction opposite to a first direction D1 in the
housing MD'.

The third sidewall SW3 shown in FIG. 2C includes the
inner surfaces arranged in directions that cross each other in
a plan view. However, the third sidewall SW3' according to
the present exemplary embodiment shown in FIG. 10 is
substantially parallel to a second direction D2, which is
substantially perpendicular to the first direction D1 when
viewed in a plan view. That is, the third sidewall SW3' has
a flat plate shape.

In addition, side surfaces of each of the first and second
LEDs LD1 and LLD2 are inclined with respect to the third
sidewall SW3' when viewed in a plan view. That is, among
four side surfaces of the first LED LD1, two side surfaces of
the first LED LD1 are arranged substantially parallel to a
third direction D3 crossing the second direction D2 and the
other two side surfaces of the first LED LD1 are arranged
substantially parallel to a fourth direction D4 crossing the
second direction D2.
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In the present exemplary embodiment, depending on the
arrangement of the first and second LEDs LD1 and LD2
with respect to the third sidewall SW3', a first effect, which
is defined as the increase in amount of the emitted light ET
from the light exit part OP, and a second effect, which is
defined as the improvement in the color purity of the emitted
light ET, may be enhanced.

FIG. 11 is a plan view showing an LED package included
in a backlight assembly of a display device according to
another exemplary embodiment. In FIG. 11, the same ref-
erence numerals denote the same elements in previous
figures, and thus the detailed descriptions of the same
elements will be omitted.

Referring to FIG. 11, an LED package 59 includes a
housing MD and a first LED LD1 and a second LED LD2,
which are arranged in a direction opposite to a first direction
D1 inside the housing MD.

In the embodiment of FIG. 11, side surfaces of each of the
first and second LEDs LD1 and LD2 are inclined with
respect to inner surfaces of third sidewall SW3 when viewed
in a plan view. Furthermore, the side surfaces of each of the
first and second LEDs LD1 and LD2 are inclined with
respect to an inner surface of each of first and second
sidewalls SW1 and SW2.

More particularly, when the inner surface of each of the
first and second sidewalls SW1 and SW2 is arranged parallel
to a first direction D1, one inner surface of the third sidewall
SW3 is arranged parallel to a fitth direction D5, and the other
inner surface of the third sidewall SW3 is arranged parallel
to a sixth direction D6 when viewed in a plan view. Each of
the side surfaces of the first and second LEDs LD1 and LD2
is arranged parallel to different directions from the first, fifth,
and sixth directions D1, D35, and D6. That is, two side
surfaces facing each other among four side surfaces of the
first LED LD1 are arranged parallel to a seventh direction
D7, the other two side surfaces among the four side surfaces
of the first LED LD1 are arranged parallel to an eighth
direction D8. The first, fifth, sixth, seventh, and eighth
directions D1, D5, D6, D7, and D8 cross each other when
viewed in a plan view.

In the present exemplary embodiment, depending on the
arrangement of the first and second LEDs LD1 and LD2
with respect to the first to third sidewalls SW1, SW2, and
SW3, a first effect, which is defined as the increase in
amount of light ET emitted through the light exit part OP,
and a second effect, which is defined as the improvement in
the color purity of the emitted light ET, may be enhanced.

Although the exemplary embodiments of the invention
have been described, it is understood that the invention
should not be limited to these exemplary embodiments but
various changes and modifications can be made by one
ordinary skilled in the art within the spirit and scope of the
invention as hereinafter claimed.

What is claimed is:

1. A display device, comprising:

a display panel; and

a backlight assembly comprising i) a light-emitting diode

(LED) package configured to output light via an open-

ing and ii) a light guide plate configured to guide the

emitted light to the display panel,

wherein the LED package comprises:

a housing having a light reflecting property and com-
prising 1) a bottom portion, ii) a sidewall portion
connected to the bottom portion, and iii) a cover
portion connected to the sidewall portion, wherein
the opening is defined in the sidewall portion and
faces the light guide plate; and
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a plurality of LEDs accommodated in the housing,
wherein the LEDs are arranged in a first direction
extending from the light guide plate to the opening,
wherein the sidewall portion comprises:
a first sidewall extending in the first direction;
a second sidewall opposing the first sidewall; and
a third sidewall connecting the first and second
sidewalls and opposing the opening, and
wherein at least one inner surface of the third sidewall
is inclined with respect to side surfaces of at least one
of the LEDs when viewed in a plan view.

2. The display device of claim 1, wherein the housing is
formed at least partially of a light reflecting material.

3. The display device of claim 1, wherein the LED
package further comprises a plurality of light scattering
portions protruding from inner surfaces of the housing.

4. The display device of claim 1, wherein the LED
package further comprises:

a plurality of lead frames placed on the bottom portion

and electrically connected to the LEDs; and

an insulating layer formed inside the housing to cover at

least one of the LEDs,

wherein the insulating layer is formed at least partially of

an insulating material and a fluorescent material.

5. The display device of claim 4, wherein the insulating
layer comprises a plurality of insulating layers and wherein
the insulating layers are arranged in the first direction.

6. The display device of claim 5, wherein the insulating
layers comprise:

a first insulating layer covering a first LED; and

a second insulating layer covering a second LED,

wherein at least one of the first or second insulating layer

is formed at least partially of the insulating material and
the fluorescent material.

7. The display device of claim 6, wherein the first insu-
lating layer is formed at least partially of a first fluorescent
material and wherein the second insulating layer is formed
at least partially of a second fluorescent material different
from the first fluorescent material.

8. The display device of claim 6, wherein the LED
package further comprises a plurality of light scattering
portions formed at an interface between the first and second
insulating layers and wherein the light scattering portions
protrude from a surface of at least one of the first and second
insulating layers.

9. The display device of claim 1, wherein the bottom
portion has a substantially rectangular shape having a pair of
long sides and a pair of short sides, wherein the first and
second sidewalls are connected to the long sides of the
bottom portion, and wherein the third sidewall is connected
to one of the short sides of the bottom portion.

10. The display device of claim 9, wherein each of the first
and second sidewalls has a height that increases in a direc-
tion extending away from the third sidewall.

11. The display device of claim 10, wherein the cover
portion is inclined toward the third sidewall.

12. The display device of claim 9, wherein the cover
portion is non-linear.

13. The display device of claim 12, wherein the cover
portion is curved away from the bottom portion.

14. The display device of claim 12, wherein the cover
portion is curved toward the bottom portion.

15. The display device of claim 1, wherein the third
sidewall comprises a plurality of inner surfaces, wherein
each of the inner surfaces is inclined with respect to side
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surfaces of the LEDs when viewed in a plan view, and
wherein the inner surfaces have different sizes from each
other.
16. The display device of claim 1, wherein the at least one
inner surface of the third sidewall extends in a second
direction crossing the first direction and wherein each side
surface of the LEDs is inclined with respect to the second
direction.
17. The display device of claim 1, wherein the backlight
assembly further comprises a printed circuit board extending
along at least one side of the light guide plate, wherein the
LED package is placed on the printed circuit board, and
wherein the opening opposes the at least one side of the light
guide plate.
18. The display device of claim 1, wherein at least two of
the LEDs are configured to emit different colors different
from each other, and each of the LED packages are config-
ured to combine the different colors of light emitted from the
LEDs to output white light.
19. The LED package of claim 1, wherein the LEDs are
configured to emit the same color.
20. A light-emitting diode (LED) package comprising:
a housing having a light reflection property; and
a plurality of LEDs accommodated in the housing,
wherein the housing comprises 1) a bottom portion, ii) a
sidewall portion connected to the bottom portion, and
ii) a cover portion connected to the sidewall portion,

wherein an opening is defined in the sidewall portion and
faces the light guide plate,

wherein the LEDs are configured to output light through

the opening,

wherein the LEDs are arranged in a first direction from the

opening to the sidewall portion opposing the opening,
wherein the sidewall portion comprises:
a first sidewall extending in the first direction;
a second sidewall opposing the first sidewall; and
a third sidewall connecting the first and second side-
walls and opposing the opening, and
wherein at least one inner surface of the third sidewall is
inclined with respect to side surfaces of at least one of
the LEDs when viewed in a plan view.

21. The LED package of claim 20, wherein the housing is
formed at least partially of a light reflecting material.

22. The LED package of claim 20, further comprising a
plurality of light scattering portions protruding from inner
surfaces of the housing.

23. The LED package of claim 20, further comprising:

a plurality of lead frames placed on the bottom portion

and electrically connected to the LEDs; and

an insulating layer formed inside the housing to cover at

least one of the LEDs,

wherein the insulating layer is formed at least partially of

an insulating material and a fluorescent material.

24. The light emitting diode package of claim 23, wherein
the insulating layer is provided in a plural number, the
insulating layers comprise:

a first insulating layer covering one light emitting diode of

the light emitting diodes; and

a second insulating layer covering another light emitting

diode of the light emitting diodes, and the first and
second insulating layers are arranged in a direction in
which the light emitting diodes are arranged in the
housing.
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25. The light emitting diode package of claim 24, wherein
the fluorescent substance is disposed in at least one of the
first and second insulating layers.

26. The light emitting diode package of claim 24, wherein
the light emitting diode package further comprises a plural-
ity of light scattering portions disposed at an interface
between the first insulating layer and the second insulating
layer and protruded from a surface of at least one of the first
insulating layer and the second insulating layer.

27. The LED package of claim 20, wherein each of the
first and second sidewalls has a height that increases in a
direction extending away from the third sidewall.

28. The LED package of claim 20, wherein the cover
portion is inclined toward the third sidewall.

29. The LED package of claim 20, wherein the cover
portion has a curved shape.

30. The light emitting diode package of claim 20, wherein
the third sidewall comprises a plurality of inner surfaces,
each of the inner surfaces is inclined with respect to side
surfaces of the LEDs when viewed in a plan view, and the
inner surfaces have different sizes from each other.

31. The light emitting diode package of claim 20, wherein
an inner surface of the third sidewall is disposed substan-
tially in parallel to one direction and each of side surfaces of
the LEDs is inclined with respect to the at least one inner
surface of the third sidewall when viewed in a plan view.

32. The LED package of claim 20, wherein the light
output through the opening is white.

33. The LED package of claim 20, wherein at least two of
the LEDs are configured to emit colors different from each
other.

34. The LED package of claim 20, wherein the LEDs are
configured to emit the same color.
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35. A display device, comprising:

a display panel; and

a plurality of light-emitting diode (LED) packages con-

figured to output light to the display panel via an

opening,

wherein each of the LED packages comprises:

a housing, wherein the opening is defined in one side of
the housing;

a plurality of LEDs accommodated in the housing, and
wherein the LEDs are arranged in a first direction
from the opening to another side that is defined in the
housing to face the opening; and

aplurality of insulating layers respectively formed over
the LEDs inside the housing,

wherein at least two of the insulating layers have
different optical properties arranged in the first direc-
tion.

36. The display device of claim 35, wherein at least one
of the insulating layers is formed of an insulating material
and a fluorescent material.

37. The display device of claim 35, wherein each of the
LEDs has a substantially cuboidal shape, wherein the hous-
ing comprises a plurality of inner surfaces, and wherein at
least one of the inner surfaces forms an inclined angle with
respect to one of the surfaces of the LEDs from a top plan
view perspective.

38. The display device of claim 35, wherein at least two
of the LEDs are configured to emit different colors, and the
LED package is configured to combine the different colors
of light emitted from the LEDs so as to output white light.

39. The display device of claim 35, wherein the LEDs are
configured to emit the same color.
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